The "Can't Intubate, Can't Oxygenate" (CICO) situation, while rare, is one of the most emergent and stressful scenarios ever faced by airway practitioners. Failure to provide adequate oxygenation can rapidly result in hypoxic brain injury and death. Emergency front of neck access provides a last resort, lifesaving route for the invasive oxygenation of patients. Adequate forward planning as well as recognition of at-risk patients is critical to avoidance of CICO situations. Multiple strategies exist for performing emergency front of neck access, and much debate exist as to which strategy is superior. All airway practitioners should be trained in at least one method of emergency front of neck access, as it may be required in unfamiliar environments at any time. A thorough understanding of the anatomy involved is important to avoid complications, and regular training has been shown to be vital to the maintenance of the skill. It is often the case that front of neck access is performed too late and a great emphasis has been placed on promoting a timely performance of the procedure.
IntRoductIon
Emergency front of neck access, nowadays near synonymous with emergency cricothyroidotomy, is a temporary, lifesaving procedure performed as a last resort to provide oxygenation to patients in "can't Intubate, can't Oxygenate" (CICO) situations. [1] The CICO scenario is usually described as when attempts at facemask and supraglottic airway device (SAD) ventilation have failed in a patient who initially had failed attempts at endotracheal intubation. [2] While the term can't intubate, can't ventilate is often used interchangeably with CICO, CICO is seen as being a more accurate term, [3] given that it is failure to oxygenate rather than failure to ventilate that will kill the patient in an airway emergency. Occurrences of CICO are thankfully rare, however this has led to problems with familiarity among anesthetists, and delays in performing emergency front of neck access do occur, often with dire consequences. [4] In this review article, we will review the anatomy relevant to emergency cricothyroidotomy, then move on to cover the different techniques available, the problems associated with them, and the evidence basis for their usage.
Cricothyroidotomy can be traced back to at least the early 19 th century, when a French anatomist and surgeon named Félix Vicq-d'Azyr [5] described a technique for gaining access to the trachea. It was not however for another 100 years before Chevalier Jackson, a laryngologist working in Philadelphia in 1909, described a technique that resembles anything we see today. [6] However, high complication rates -particularly of subglottic stenosis -were later seen which led to Jackson's condemnation. The technique remained out of favor until its revival in the 1970s as an elective technique for long-term ventilation [7] and its potential as a lifesaving maneuver only just beginning to be understood. [8] [9] [10] Since then, the technique has been further refined and technology has advanced significantly to better facilitate both elective and emergency use of cricothyroidotomy.
It has been identified that the vast majority of patients who go on to develop hypoxic brain injury as a result of anesthetic airway emergencies pass through a CICO stage. [11, 12] Traditional rescue techniques included emergency surgical tracheostomy, however it is now well described in the literature that, even in experienced hands, most will take longer than 3 min to intubate the trachea. [11, 13] Often there will be further delay, something that invariably leads to poor outcomes. [14, 15] Evidences from organ donors show that cardiac arrest typically occurs within 5-10 min of anoxia. [2] Clearly this cannot be relied upon in case of emergency, not least because the expertise required may not be at hand.
CICO situations are among the most stressful moments in the careers of anesthetists, or indeed any clinician managing an airway. The incidence of CICO does vary in literature from approximately 1:6000 [16] to a perhaps slightly less alarming 1:13000. [17] This does still mean that, in even smaller centers performing 5000 surgeries/year, a case of CICO would be expected once every 3 years. Rates of front of neck access again vary in literature, but are approximately 1:50000 anesthetics. [2] In the emergency department, rates of CICO can reach as high as 1:100. [18] The National Audit Project 4 (NAP4) study, [2] carried out by the Royal College of Anaesthetists, identified 133 serious airway complications (from a total pool of almost 3 million anesthetics) over the study period; 58 had an attempt at emergency front of neck access and of these there were 6 deaths.
Prediction of the CICO situation is seen as being key to its avoidance, by allowing for planning of alternative strategies for airway management. While several prediction tools and grades for the prediction of difficult intubation (Mallampati score, etc.) exist, there are no established grading systems for the prediction of difficult ventilation. [17] While prior difficult intubation or ventilation is seen as the most reliable indicator for future difficulties, clearly this cannot be solely relied upon. A study by Kheterpal et al. [17] established that there is a significant overlap between patients who are difficult to intubate and difficult to ventilate -importantly in patients graded Mallampati III and IV, there are some additional factors which must be taken into account. In most cases, a difficult ventilation is likely to be more problematic than difficult intubation and so it is important that these are recognized. Patients with body mass index of 30 or greater -particularly when distributed around the neck -a history of OSA, limited or severely limited jaw protrusion, and the presence of a beard were all shown to be independent risk factors for difficult or impossible mask ventilation.
AnAtomy of the cRIcothyRoId membRAne
To perform emergency front of neck access, it is of vital importance that the operator should know the local anatomy relevant to the procedure. [19, 20] The avascular cricothyroid membrane is bordered superiorly by the thyroid cartilage (the Adam's apple) and inferiorly by the cricoid cartilage. It is overlain by the pretracheal fascia as well as the cricothyroid arteries and veins, which typically anastomose in the apical portion of the membrane. [21, 22] The membrane itself varies in size with age; however in adults, it is approximately 10 mm in height and 22 mm across. [23] The cricothyroid muscles overly the edges of the membrane (typically reducing the accessible width to 8.2 mm [24] ) and the thyroid gland lies adjacent to the lower three edges of the membrane. It is highly unlikely during the procedure for emergency front of neck access that the vocal cords themselves are damaged, as these commonly lie approximately 10 mm above the cricothyroid membrane. [23] Anatomy is most easily felt with the patients' neck in full extension, allowing for a laryngeal handshake to be performed. [25] The laryngeal handshake is performed by placement of the user's nondominant hand around the larynx, stabilizing it, while using the index finger of that hand to palpate first the thyroid cartilage, and then the cricothyroid membrane itself. In practice, it can often be difficult to palpate the relevant anatomy (perhaps due to the presence of large amounts of subcutaneous fascia), particularly in an emergency situation, and evidence suggests that anesthetists are poor at identifying the cricothyroid membrane in emergency situations. [26] [27] [28] Different approaches exist to address this. The Difficult Airway Society Guidelines suggest that a 10 cm vertical incision should be made along the neck with blunt dissection until the anatomy is seen. [25] Melker and Kost [29] suggested that, by placing the little finger of the right hand on the patients' suprasternal notch with the head in the neutral position and resting the other fingers down together, the resting point of the index finger will usually be over the cricothyroid membrane.
While it must be stressed that it is not recommended for use in the emergency situation, it is becoming more popular to use ultrasound prior to induction to precisely locate the cricothyroid membrane. [30, 31] The technique should be performed with the patient's neck in full extension (as would be the case in the emergency situation) to prevent distortion of the skin overlying the structures with neck movement. A transverse plane approach is generally favored moving cranially from the lower tracheal rings in the neck, until the cricothyroid membrane is visualized. In the sagittal plane, a typical appearance of a string of pearls is seen created by the hypoechoic cartilage "pearls" on the hyperechoic air-tissue interface. Once identified, the site of the cricothyroid membrane can be marked with a pen for later use, should the need arise.
technIques foR emeRgency fRont of neck Access
It is important to understand that classical teaching stipulates that cricothyroidotomy by any technique is only a temporizing measure [32] designed to buy time prior to a more definitive airway being established. There is some debate within literature as to the benefits of conversion to tracheostomy, particularly in the case of surgical cricothyroidotomy, however standard practice remains to convert within 24-72 h. [33, 34] Several techniques have been described for cricothyroidotomy, and much debate exist as to which technique is superior. [11, 25, 35] It is unanimously reported, however that regardless of technique, emergency cricothyroidotomy is attempted too late. [4] Most countries have developed their own guidelines for the management of CICO, including emergency front of neck access, such as the Difficult Airway Society Guidelines in the UK. [25] Often the favored technique for such guidelines is based on human factors surrounding the technique rather than technical superiority of a technique, something we will discuss in more detail later.
needle cRIcothyRoIdotomy
Following palpation of the cricothyroid membrane as per the laryngeal handshake above, a large bore intravenous (IV) cannula or a specifically designed kink-resistant cricothyroidotomy cannula (such as a Patil [Cook] or Ravussin [VBM] needle) is introduced into the membrane at a 45° caudal angle with negative pressure aspiration through a syringe, [3] which may be partially filled with saline. Once the needle is inserted through the membrane (often with a distinct "give" in resistance), air (bubbles) will be freely seen being drawn into the syringe. The cannula should be advanced and the needle must be withdrawn. Further aspiration should take place to reconfirm placement in the trachea. The cannula should be secured, taking care to avoid kinking of the cannula which may impede ventilation attempts, something commonly seen when IV cannulas are employed. [36, 37] A means of oxygenation should then be attached to the cannula.
Regardless of the mode of oxygenation, care should be taken to allow sufficient expiration so as to prevent barotrauma and subsequent cardiovascular compromise. [38] Surgical emphysema is not uncommon with this technique. A patent upper airway is mandatory to allow adequate expiration and it is recommended that neuromuscular blockade should be considered at least to prevent laryngospasm as a reason for upper airway obstruction. [3] Airway adjuncts may be used to facilitate opening of the upper airways. Needle cricothyroidotomy is not recommended in the case of upper airway obstruction due to flow limitations through the cannula, preventing adequate expiration within a sufficient time frame to allow adequate minute volumes. This presents a limitation in the technique for the prevention of hypercapnia, which can be catastrophic in head injury. [35] Some have suggested that insertion of a second cannula may assist expiration, [12] however the diameter is felt to be too small to be of real benefit, given the low driving pressure of expiration. [39] It has been suggested that vacuum suction to facilitate active expiration may be of benefit [40] and indeed this has been incorporated into the commercially available Ventrain ® system (Ventinova), although studies covering its clinical efficacy are still lacking.
Typically, for narrow-bore cricothyroidotomy cannulas, transtracheal jet insufflators are employed to deliver both high flow and high pressure to the patient, to overcome the resistance of the cannula. Such devices include the Manujet ™ which is capable of delivering pressures from 50 to 400 kPa.
Reports of successful ventilation with lower flow systems of sufficient pressure (e.g., wall oxygen supply or cylinder oxygen at a flow rate of 15 L/min or greater) exist, [41, 42] however often equipment is self-assembled and as such is off license. There is a potential for danger in such situations due to the potential for ineffective devices being assembled. [43] The Enk oxygen flow modulator (Cook) is a simple device designed to function from either piped wall oxygen or a cylinder and has been shown in animal models to match the Manujet ™ for re-oxygenation. [44] Care must be taken with nomenclature as pointed out by Cook et al. [45] as often wall oxygen and cylinder oxygen are erroneously referred to as "low pressure" systems (in the context of "high pressure" systems such as the Manujet ™ ) when in fact their driving pressures are comparable and even greater than that of the Manujet ™ (400 kPa and 13700 kPa, respectively) and it is only their flow rates which differ. This is of crucial significance in the case of attempted transtracheal ventilation from the common gas outlet of an anesthetic machine. The back bar of the anesthetic machine has a safety "blow out" valve that prevents delivery of pressures exceeding 40-50 kPa and consequently this has been shown to be an ineffective source for delivery of oxygen through a cricothyroidotomy cannula. [46, 47] In the case of a self-inflating bag or anesthetic breathing circuit, this inadequacy is made further worse and should not be used. Furthermore, the often used terminology "jet ventilator" may be misleading, given that the typically high frequency and transtracheal pressures generated are somewhat different to conventional ventilation, and instead the terminology "jet insufflator" is preferable.
It is becoming increasingly commonplace for anesthetists to place an awake cricothyroidotomy cannula prior to induction of anesthesia in patients with an anticipated difficult airway. [23, 48] The procedure is well tolerated and easily performed under local anesthetic with or without systemic analgesia. [49] The cannula can then be secured and capped off, and the anesthetist can proceed with induction, safe in the knowledge that, should the need arise, the cannula is already in place. Typically, the cannula remains in place until after successful extubation.
Wide bore cannula over trocar techniques do exist, such as in the case of the Portex® cricothyroidotomy or the Quicktrach II (VBM). These have the advantage of being able to place a wide bore tube (typically of internal diameter >4mm), however insertion requires considerable force and risks damage to the posterior trachea [50] -something shown to occur almost 70% of the time in an animal model. [51] NAP4 noted that the safety mechanism built into the Quicktrach designed to attempt to reduce the considerable risk of posterior wall trauma made use of the device in the obese neck difficult. [2] 
seldIngeR cRIcothyRoIdotomy
The Seldinger technique is the one familiar to anesthetists, involving the passage of a guidewire prior to dilation and passage of the tube. Dilation after initial puncture reduces the risk of posterior wall trauma as seen with the cannula-over-trocar techniques. [52] The Portex Mini Trach ™ is an example of such a device and can be commonly found in hospitals, however it is not licensed or recommended for use in CICO situations. The Melker emergency cricothyroidotomy set is designed for use in such situations, coming with a range of sizes from 3 to 6 mm internal diameters, and it is generally felt that this technique is most acceptable to anesthetists -most likely due to the familiarity with the Seldinger technique. [53] Criticisms of the technique include a long insertion time [54] (although this is disputed), [55,56,] risks for kinking of the guidewire, [57] creation of false passage, and high failure rates in inexperienced hands. [58] 
Surgical Cricothyroidotomy
As with percutaneous techniques, surgical cricothyroidotomy begins with palpation of the landmarks, by use of the laryngeal handshake. Techniques and equipment for surgical cricothyroidotomy do differ slightly. The Advanced Trauma Life Support advocates the use of a no. 11 blade scalpel to make an initial horizontal stab incision, followed by blunt dilation either by use of forceps or the blade handle. [59] The Difficult Airway Society, however, truncates the process by first making a horizontal stab incision with a no. 10 blade scalpel and then rotating the blade in situ 90° caudally, before passing a gum elastic bougie prior to railroading a size 6 internal diameter cuffed endotracheal tube [25] [Figures 1-3 ]. The no. 10 blade has a curved tip compared to the no. 11 blade's point which has the advantage of reducing the risk for posterior wall trauma. [3] If available, a no. 20 blade may be preferable to a no. 10 blade as its larger size may facilitate easier passage of the ET tube. Some techniques suggest the use of a tracheal hook to keep the incision patent while inserting the tube, [60] however it is recognized that such implements are not widely available in emergency situations and as such more familiar and available equipment such as the gum elastic bougie are used. [25] Insertion of a cuffed tube allows for securing of the airway against aspiration, something not possible with narrow bore needle techniques. Conventional ventilation can be established using standard equipment and monitoring. Catastrophic blood loss is rare when the technique is performed correctly. [3] Endobronchial intubation is a recognized complication from surgical cricothyroidotomy and should be avoided. [61] In the emergency situation of CICO, there are no strict contraindications, however it should be noted that, in the case of the pediatric airway, percutaneous techniques may be more successful, due to anatomical differences, [62] though cutoff ages are poorly defined.
Numerous studies have suggested that scalpel cricothyroidotomy is the most reliable and fastest of the emergency front of neck access techniques. [63] [64] [65] Evidence also suggests that the actual time difference between performance of either needle or scalpel cricothyroidotomy is seconds rather than minutes. [54] When weighed against other factors, there is no good evidence to suggest that this small time factor grossly impacts mortality.
PRoblems InheRent to emeRgency fRont of neck Access
The American Society of Anesthesiologists closed claims report showed that, when front of neck access was attempted, it was attempted too late in as many as 70% of cases. [4] Tragically this was seen in the case of Elaine Bromiley, who died as a result of a CICO situation. Criticism was made that, despite impossible mask ventilation for nearly 30 min and failure to rescue with a SAD, no attempt was made at cricothyroidotomy, and persistent failed attempts at laryngoscopy were made. [66] There have been numerous reasons postulated for why delays There is a great deal of reluctance among anesthetists to take a scalpel to a patient's neck, whereas it would seem as a profession anesthetists are far more comfortable making use of needle or Seldinger techniques. In a survey conducted by Wong et al. in 2014 , just 3% of anesthetists would choose a scalpel-bougie as a first choice technique, increasing to a mere 7% for second choice. By comparison, 39% would choose a Seldinger technique and 28% would choose an IV cannula technique. [53] Clearly, devices well known to anesthetists -IV cannulas and Seldinger-based kits, have a number of transferrable skills, perhaps decreasing the delay in attempting cricothyroidotomy. [25] Chrimes suggests that, rather than a rigid guideline for the management of a difficult airway, a more fluid vortex approach should be considered. [67] The vortex consists of strategies for achieving ventilation around outside with a final central point of emergency front of neck access. The idea behind the vortex is that, as hypoxia develops, so are time and options limited, encouraging efficient progression through techniques and timely progression to front of neck access. The inclusion of the three-dimensional vortex reminds us that, as techniques are attempted, they are not returned to.
The CICO situation is thankfully rare, [16, 17] however this does present challenges in ensuring clinicians remain up to date and well practiced with devices. As has been previously discussed, there are multiple techniques and many more different pieces of equipment available which may differ in their availability between centers. Some countries, including the UK, have focused their efforts on standardizing techniques and equipment, thereby reducing the requirement for clinicians to learn multiple techniques, as well as removing any decision-making from the process as to which technique to use. It is well understood that regular training is required to maintain the performance of emergency front of neck access. [68] It is recommended that practice of the technique by means of simulation is undertaken at least once per 6 months to maintain skill, [69] however it has been shown that the closer to the time of the last practice is predictive of performance, [70] and perhaps an even shorter time interval between practices is beneficial.
PostPRoceduRe cARe
Clear and precise documentation is essential after any airway emergency, particularly so in the case of emergency cricothyroidotomy. The patient should be counseled regarding the future procedures and all steps taken to ensure prior planning in the future. In the UK, there is a standardized alert pro forma for the difficult airway, produced by the Difficult Airway Society [71] to assist with communication, recognized often to be poor. [72, 73] In cases where there is no option to wake the patient, conversion to formal tracheostomy may be indicated. A narrow-bore cricothyroidotomy may be converted to a wider bore by the use of the Seldinger cricothyroidotomy kit. [3] It is important that patients who have had airway emergencies are followed up postoperatively by anesthetists, as it is well reported that airway trauma occurs frequently in this group. Laryngeal, pharyngeal, and esophageal injuries were reported to be the most common complications. [74] Only half of the patients with pharyngoesophageal perforation show early signs such as pneumothorax or subcutaneous emphysema. Symptoms of serious complications including retropharyngeal abscess and mediastinitis should be communicated to patients and should be advised accordingly.
Regardless of outcome, airway emergencies can have profound effects on health-care staff. As often patients with airway emergencies are previously healthy patients or even children, serious sequelae including the development of posttraumatic stress disorders, depression, and burnout have been described. [75] An initial debrief following critical incidents is recommended for the entire medical team, to assist with diffusing any tensions within the team, as well as a formal debrief attended by a mental health professional or counselor at a later date. [76] It is often wise to encourage all team members to write a short factual account of the event soon after to ensure that memory of the event and to avoid blurring by discussion with others over their individual accounts.
conclusIon
It is quite evident that all techniques for emergency front of neck access have pros and cons associated with them. No conclusive evidence exists that favors any one technique to the exclusion of others for solely technical reasons. As previously discussed, training and ongoing practice is essential to maintain the performance of any technique, which improves success rates in emergency front of neck access. In the UK, at present, there is no specific requirement for training in emergency front of neck access as part of ongoing revalidation and as such there needs to be ongoing local efforts for training and reskilling in emergency front of neck access. There must be a great emphasis on reducing delays in the performance of emergency front of neck access to avoid tragedy. As airway emergencies can and do happen anywhere both in and out of hospital, it is essential that necessary equipment is available in multiple locations. Such arguments favor a single technique, as per the UK, with the additional benefit of removing a stage of decision-making from the user. Regardless of technique, human factors will invariably play a large role in airway emergencies, and when developing guidelines, this must be taken into account.
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